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Each month, Chemistry & Biology Select highlights a selection of research reports from the recent
literature. These highlights are a snapshot of interesting research done across the field of chemical
biology. This month’s Select highlights reports on the link between dietary restriction and hydrogen
sulfide, how microbial redox metabolites act as interspecies signaling molecules, and a discovery
that bacterial RNAs have a cap after all.‘‘Eau de Rotten Eggs’’ Mediates Longevity
Hydrogen sulfide (H2S) is a poisonous gas notorious for its characteristic rotten egg smell. Despite its deadliness, hu-
mans and other organisms produce endogenous H2S via two enzymes, cystathionine b-synthase (CBS) and cystathio-
nine g-lyase (CGL), which are both involved in the transsulfuration pathway (TSP) responsible for interconversion of
cysteine and homocysteine. H2S generated in these reactions has a physiological role as a signaling molecule, mainly
acting as a smooth muscle relaxant, with additional activity in the brain. Interestingly, exogenous H2S has been linked
to longevity in worms, although whether diet and, more specifically, whether a dietary regimen known as dietary
restriction (DR) with a known link to longevity and stress resistance, have anything to do with effects of H2S is not
known.
Hine et al. focus on addressing this question using a mouse model of DR-mediated stress resistance and discover
that in mice subjected to DR, TSP is activated and, as a consequence, the production of H2S is increased. Next, the
authors show that the stress resistance can be achieved by exogenous H2S and that even mice fed a nonrestrictive
diet exhibit beneficial effects under those conditions. When the authors used an inhibitor of CGL, DL-propargylglycine
(PAG), to decrease endogenous levels of H2S, they observed that DR failed to deliver any benefits. This effect was
successfully reversed by delivering exogenous H2S. Hine et al. observe similar effects in four different species (mouse,
fruit fly, C. elegans, and S. cerevisiae), which leads them to conclude that the mechanisms that govern these processes
are evolutionarily conserved. A unified mechanistic model that authors put together based on these and additional data
is the one in which DR increases CBS and CGL activities and thus H2S production. Increased levels of H2S then
exhibit pleiotropic physiological effects, leading Hine et al. to propose that H2S is a molecular mediator of multiple
DR benefits.
Hine et al. (2015). Cell. Published online December 23, 2014. http://dx.doi.org/10.1016/j.cell.2014.11.048.Bacterial RNA Gets an NAD Cap
There is a lot to be on a lookout for if you are an RNA, and one of your biggest worries is likely to be existence of exonucleases,
enzymes that degrade RNAmolecules by removing one nucleotide at the time from RNA’s end. Eukaryotes have developed a
strategy for dealing with this issue. They protect their mRNAs by installing what is known as 50-cap. This modification not only
shields the RNA from degradation but plays additional roles in nuclear transport, translation, and splicing. However, capped
RNAs have not been previously described in prokaryotes.
A New report by Cahova et al. describes the exciting discovery that bacterial RNAs are also capped by a cofactor
nicotinamide adenine dinucleotide (NAD). This work was motivated by recent insight that NAD modifies RNA targets. In
order to identify the RNA targets for NAD modification, Cahova et al. develop a capturing technique, NAD captureSeq,
which uses an enzyme, adenosine diphosphate-ribosylcyclase (ADPRC), to replace nicotinamide in NAD with alkynyl
alcohols. The alcohol that gave the best yield was 4-pentyn-1-ol, and the final protocol performed by Cahova et al.
uses 4-pentyn-1-ol in the presence of ADPRC, followed by CuAAC with biotin azide treatment, and streptavidin binding.
This yields RNA-biotin products attached to streptavidin beads, which are then selectively amplified and subjected to
reverse transcription, PCR, and sequencing. From their analysis of total RNA from two Escherichia coli strains, the
authors observe that small regulatory RNAs (sRNAs) and sRNA-like 50-terminal fragments of specific RNAs are signif-
icantly enriched in the pool of NAD-modified RNAs. The two top RNAs are RNAI and CopA RNA; both were enriched
more than 500-fold. The authors present evidence that NAD modifies the 50-end and that this modification stabilizes the
target RNA against RNase E. They also show that a nudix phosphohydrolase, NudC, removes the NAD cap, suggesting
that RNA cap might play a regulatory role, similar to that seen in eukaryotes. It is early days to offer definitive answers
about the biological role of NAD cap. Nonetheless, findings by Cahova et al. open a new chapter in biology of prokary-
otic regulatory RNAs.
Cahova´ et al. (2014). Nature. Published online December 22, 2014. http://dx.doi.org/10.1038/nature14020.Chemistry & Biology 22, January 22, 2015 ª2015 Elsevier Ltd All rights reserved 1
Redox-active small molecule secondary
metabolites (phenazine and gliotoxin) can
differentially modulate Aspergillus growth in a
concentration-dependent manner via generating
oxidative stress. At high concentrations, these
metabolites can inhibit fungal growth, while
inducing conidiation at moderate concentrations.
NapA, which is essential for the response to
oxidative stress, is involved in mediating the
effects of phenazine and gliotoxin. Image credit:
Ethan Zheng.
Chemistry & Biology
SelectThe Dose Makes the Poison
Many pathogens colonize the host by forming biofilms, and, in some cases, a
single microbe will share the space with others, forming mixed-species bio-
films. Maintenance of these biofilms requires a significant amount of inter-
species communication to ensure a life in harmony. In the case of biofilms
formed jointly by Pseudomonas aeruginosa and Aspergillus fumigatus, the
interspecies vocabulary may include redox-active small molecule secondary
metabolites that are found secreted in significant quantities. However, both
phenazines produced by P. aeruginosa and epipolythiodioxopiperazines
(ETPs) secreted by A. fumigatus are toxins and known to inhibit the growth
of competing organisms by giving raise to high levels of reactive oxygen
species (ROS).
Zheng et al. now examine whether these deadly compounds also serve a
more communal purpose as signaling molecules that establish communica-
tion between P. aeruginosa and A. fumigatus in coculture biofilms. The
authors use wild-type andmutant P. aeruginosa strains with perturbed phen-
azines biosynthesis to show that phenazines’ production in cocultures influ-
ences Aspergillus growth. This effect is concentration dependent, and at
moderate concentrations, phenazines enhance sporulation in A. fumigatus,
which is required for A. fumigatus attachment. Further examination revealed
that variation of the effects on A. fumigatus growth and sporulation among
the different phenazines that Zheng et al. examined are due to differences
in the levels of phenazine radicals that are formed. Those phenazines, which
formed higher levels of radical intermediates, exerted stronger effects. Lastly, Zheng et al. show that on the receiving end,
Aspergillus employs a transcription factor, NapA, known for its role in oxidative stress response, to mediate the effects of
phenazines. These insights suggest that the oxidative stress induced by toxic microbial redox metabolites can have different
outcomes, leading either to a specific developmental processes, like sporulation, at moderate concentration, or to death at
higher levels. In a way, this adds another vignette to an age-old saying: ‘‘the dose makes the poison.’’
Zheng et al. (2015). Curr. Biol. 25, 29–37. http://dx.doi.org/10.1016/j.cub.2014.11.018.
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